Rationale: Primary spinal glioblastoma multiforme (GBM) is a rare clinical entity with an aggressive course and an invariably dismal prognosis. Its clinical characteristics, radiologic and pathologic findings, and treatment protocols have been discussed in a few cases.
Introduction
Spinal cord tumors represent 6% to 8% of all central nervous system tumors combined and are relatively rare compared to intracranial neoplasms. [1] Primary spinal glioblastoma multiforme (GBM), World Health Organization (WHO) classification grade IV, is a highly malignant tumor with median survival rates around only 14 months from diagnosis with comprehensive treatment. [2, 3] This malignant tumor type accounts for approximately 7.5% of all intramedullary gliomas and only 1.5% of all spinal cord tumors. [4] [5] [6] Primary spinal GBM has a predilection to develop at the cervical and thoracic regions; however, conus medullaris tumors do infrequently occur. [7, 8] Up until now, perhaps because of the low incidence of primary spinal cord GBM, fewer than 200 cases have been reported in the medical literature. Reports are necessarily limited to single-case studies and small-number case series. It is, therefore, not surprising that little is known about the clinical characteristics and treatment protocols of this devastating malignancy. The aim of this paper is to present a case of primary spinal GBM as well as to summarize and, via review of the relevant literature, update information on the clinical characteristics, radiologic features, and treatment protocols for this rare disease.
Case report
A 15-year-old girl presented in clinic, reporting a 3-month history of progressive numbness and weakness in her left upper extremity as well as neck pain for 1 month. On neurological examination, cranial nerves were intact. Her motor examination showed 5/5 strength throughout with the exception of the left upper extremity, which was 3/5 at the flexors and extensors. Sensory examination was significant for decreased sensation in the upper extremities along the C5, C6, and C7 dermatomes. There were no neurologic abnormalities of the lower extremities. The patient's medical history did not reveal any notable events.
The Ethics Committee of the Union Hospital of Fujian Medical University approved this study. The analysis was performed in accordance with the ethical standards of the hospital and the tenets of the Declaration of Helsinki. The patient reported in this study has provided written consent by the patient's legal guardian.
Spinal magnetic resonance imaging (MRI) revealed a large intramedullary tumor extending from C4 down to C7 with inhomogeneous enhancement of the tumor area (Fig. 1) . Two days after the presumptive diagnosis of primary spinal GBM was made, the patient underwent laminotomy and laminoplasty between C4 and C7. Upon opening the dura, the spinal cord evidenced notable expansion. The visible tumor mass was brownish-red and richly vascular. It was very difficult to distinguish the tumor margin from the spinal cord. Frozen section confirmed GBM. Therefore, microsurgical subtotal excision was performed with intraoperative electrophysiological monitoring. Motor-evoked potentials were stable and showed no change throughout the excision of the tumor mass and at termination of the operation.
After surgery the patient's clinical status was unchanged. Histopathological study and immunohistochemical staining confirmed the diagnosis of primary spinal cord GBM (Fig. 2) . Serial follow-up spinal MRIs were performed at 1-week, 3-month, and 6-month intervals postsurgery (Fig. 3) . After the histologic diagnosis, the patient was administered adjuvant therapy consisting of focal radiotherapy (RT) to the C4 to C7 lesion (5000 cGy delivered in 25 fractions) and administration of chemotherapy (CT) with temozolomide (TMZ). TMZ was given as a daily dose of 75 mg/m 2 during the irradiation period, followed by a daily dose of 150 mg/m 2 for 5 days. Then, 21 days after combined therapy, TMZ was continued at an increased dose of 200 mg/m 2 for 5 days and repeated every 28 days for subsequent cycles. [9] During the early stage of these adjuvant treatments, the patient experienced no associated severe hematotoxic effects, and she required no interruptions or delays in treatment because of hematotoxicity.
Over the 12 months following surgery, the patient's neurological examination findings continued to deteriorate, as did her overall general condition. Considering the definitive pathological findings in this patient and the poor prognosis associated with the disease, we did not consider further treatment. The patient's condition deteriorated over the following 3 weeks, and the patient died 13 months after the diagnosis.
Discussion

Clinical characteristics
We performed a review of the literature, and, to date, a total number of 165 primary spinal GBM cases have been reported since 1938, including the present case. We performed an electronic search on PubMed, Web of Science, and Google Scholar using the predefined search terms "glioblastoma" and "spinal cord." The literature search was continued through October 2016. All studies were published in extenso and reported in the German, French, Spanish, Italian, or English language.
From the eligible articles, data relating to several variables, including survival time, age, gender, and tumor location, were recorded on a standard data extraction form ( Table 1 ). The prognoses of these cases proved exceptionally dismal, with a mean average survival of 14.3 (median 16.0) months from diagnosis, and only 14.1% of the patients were still alive 24 months after initial diagnosis (Fig. 4) . Tumors occurred in relatively young individuals (mean 26.0 years), with a slight male predominance (57.1%). We found that spinal GBM occurred most frequently within either thoracic spinal cord or cervical area (28.5% combined), followed by the cervicothoracic region (14.5%), lumbar area (9.7%), and least frequently in the conus medullaris (5.5%). Tumors in the thoracic region proved to have a more favorable prognosis in comparison to those in the cervical region. Our results were similar to those of previous investigators. [10, 11] 
Diagnosis
MRI is considered the gold standard imaging modality to diagnose spinal intramedullary tumors. [12, 13] The majority of primary spinal GBM lesions appear as infiltrative, expansile masses with high T2 signal, and heterogeneous enhancement on postcontrast T1-weighted sequences. [14] [15] [16] However, differentiation of primary spinal GBM from other spinal diseases, such as transverse myelitis or other intramedullary tumors, is difficult, since primary spinal GBM tumors sometimes show ambiguous MRI characteristics. In such instances, it might be suggested that F-18-fluoro-deoxy-glucose positron emission tomography be performed for further delineation. However, the risk that this modality may significantly increase the rate of glycolysis in malignant lesions must be considered. [17] Therefore, the favored means of establishing definitive diagnosis is with tissue biopsy and histopathological evaluation.
Therapeutic strategy
Treatment protocol choices for primary spinal GBM remain controversial but usually include surgery, RT, and CT. Among surgical options are gross total resection (GTR), subtotal resection (STR), and biopsy. The main difference among the surgical approaches is the scope of resection; however, the relationship between scope of resection and survival is yet to be established. [18] Postoperative adjuvant treatment has generally combined RT and CT, similar to the treatment strategy for intracranial GBM. However, adjuvant treatment effects in primary spinal GBM are still not clear. In a lot of clinical literature, the data were incompletely recorded. In order to better analyze, independent statistics were carried out for various treatment protocols (Table 2) . From this analysis, various therapeutic strategies have yielded varying results. A summary of patient survival data for different therapeutic strategies was also recorded (Table 3) .
3.3.1. Surgery. Once MRI establishes that a patient is likely to have a primary spinal GBM, surgical intervention is usually recommend to provide a definitive diagnosis and, if possible, to remove the mass in toto. [19] [20] [21] GTR is recommended whenever feasible. Several studies have presented that GTR improved mortality in patients who have had primary malignant spinal cord tumors, [16, 18, 22] while a few studies found that GTR did not have any benefit and could even be associated with higher mortality. [5, 23] Since primary spinal GBMs tend to be infiltrative and there is no distinct margin between tumor and surrounding normal cord tissue, [24] a STR or biopsy that does not cause further neurological dysfunction is appropriate in some cases. According to our review findings, STR was performed to establish a histologic diagnosis in most patients. STR was performed in 57.6% of cases, whereas GTR could be achieved in only 12.7% of patients. Biopsy only was performed in 13.3% of cases. According to the Kaplan-Meier curve (Fig. 5) , extent of resection did not influence overall median survival (log-rank P = 0.16). Cordectomy, the most radical surgical approach, is recommended in patients whose tumors occupy the lower lumbar or sacral segments. [25] However, this technique cannot be utilized in patients with primary spinal GBM with cervical or holocordal involvement. [26] So far, a few reports have suggested that cordectomy may achieve longer patient survival. [27, 28] All of the cordectomy cases achieved good results (mean survival 111.5 months), but there are too few cases to judge the ultimate clinical efficacy of cordectomy.
3.3.2. Radiotherapy. Adjuvant RT is commonly recommended postoperatively due to the risk of tumor recurrence, including dissemination. [24, 29] Several studies found that postoperative RT significantly lengthened survival of patients with high-grade tumors (WHO Grade III-IV). [4, 30, 31] Another study claimed that there was no significant relationship between RT and survival outcomes. [32] Kaplan-Meier analysis (Fig. 6) showed that postoperative RT has a significant effect on overall survival (log-rank P = 0.007). Therefore, we conclude that RT can significantly prolong survival time. On the contrary, the spinal cord is sensitive to the effects of radiation. [33] Overdosage of RT treatment has been proven to lead to the occurrence of radiationrelated tumors. [34] [35] [36] [37] Considering this, overdosage must be avoided to reduce the risk of radiation-related tumors. Various radiation doses have been used, though optimal dosage remains Table 2 Treatment characteristic of patients with primary spinal GBM. uncertain. The accepted spinal cord tolerance level is about 5000 to 5500 cGy. [38] However, the contribution of adjuvant RT in spinal cord GBM remains unclear.
3.3.3. Chemotherapy. The efficacy of concomitant TMZ with adjuvant RT in patients with intracranial GBM has been investigated in randomized phase III trials. [39, 40] However, because of the rarity of primary spinal GBM, no phase III or large phase II trial has been conducted vis-à-vis patient survival. There is a lack of data to evaluate the curative effect of CT for the treatment of primary spinal GBM. To the best of our knowledge, the most commonly used chemotherapeutic agent is TMZ. Hernandez-Duran et al [41] concluded that TMZ does increase survival in primary spinal GBM patients, and they did advocate for it, though it did not reach statistical significance between patients with primary spinal GBM treated with TMZ versus those not treated with TMZ. Consistent with some reports in the literature that declared that CT provides no survival benefit for high-grade spinal cord gliomas, [18, 42, 43] our analysis found that postoperative CT did not play a significant role in prolonging survival of primary spinal GBM (log-rank P = 0.078; Fig. 7) .
Bevacizumab (BEV), a monoclonal antibody to the vascular endothelial growth factor (VEGF), is another CT drug of potential interest. One study reported that BEV may be beneficial in spinal cord high-grade gliomas. [44] However, 2 large prospective randomized trials recently declared that BEV did not improve overall survival in patients with intracranial glioblastoma. [45, 46] Obviously, more preclinical studies are needed to evaluate the possible curative effect of BEV in primary spinal GBM.
Conclusion
Primary spinal GBM is a clinically rare entity that progresses rapidly with a dismal prognosis and a short survival time despite aggressive management. Therefore, clinical treatment trials are nonexistent. For this reason, central registry and multiple-center cooperation is needed in order to understand this rare disease and attain better therapeutic outcomes. Figure 6 . Comparison of overall survival between surgery-only group and surgery-plus-radiotherapy group; Sx: surgery (include biopsy, subtotal resection, and gross total resection); P < 0.05 is considered significant. www.md-journal.com
